Animal models of bone metastasis.
Animal models are important tools to investigate the pathogenesis and develop treatment strategies for bone metastases in humans. However, there are few spontaneous models of bone metastasis despite the fact that rodents (rats and mice) and other animals (dogs and cats) often spontaneously develop cancer. Therefore, most experimental models of bone metastasis in rodents require injection or implantation of neoplastic cells into orthotopic locations, bones, or the left ventricle of the heart. The current study reviews the natural incidence and clinical manifestation of bone metastases of mammary and prostate carcinoma in animals, as well as the experimental models developed in mice using animal and human-derived neoplasms. Rats, mice, dogs, and cats often develop spontaneous mammary carcinoma, but bone metastases are rare. Intact and neutered dogs develop prostate carcinoma that is usually androgen independent and may be associated with regional bone invasion or distant bone metastasis. Normal dog prostate tissue induces new bone formation in vivo and can serve as a model of osteoblastic metastasis without concurrent bone destruction. Experimental models of osteolytic, osteoblastic, and mixed osteolytic/osteoblastic bone metastases include syngeneic rodent neoplasms or human xenografts implanted at orthotopic sites (e.g., breast or prostate glands) in immunodeficient mice, injection of cancer cells into the left ventricle of the heart, or direct injection into bones. New transgenic mouse models of cancer have a low incidence of spontaneous bone metastasis, but cell lines derived from these tumors can be selected in vivo for increased incidence of bone metastasis. It is essential to validate and correctly interpret the lesions in models of bone metastasis to accurately correlate the data from animal models to human disease. Animal models have provided support for the "seed and soil" hypothesis of bone metastasis. However, the roles of vascular patterns in the metaphyses of long bones and rapid bone turnover in young animals in the pathogenesis of metastasis in experimental models are uncertain. Improvements in the imaging of experimental animals in vivo using fluorescent markers or light emitted from luciferase have led to increased sensitivity of detection and more accurate quantification of bone metastases. For example, imaging of human prostate carcinoma PC-3M cells transfected with luciferase, following injection into the left ventricle, has demonstrated that there is rapid localization of tumor cells to bones and other organs, such as the kidneys and lungs. Animal models of metastasis have supported drug development and have been useful for identification of metastasis suppressor and promoter genes as novel targets for the development of novel therapies. Further refinement of these models will involve spatiotemporal analysis of the metastatic process by imaging and use of image data to stage disease and guide tissue sampling for gene expression profiling via gene array technology. In the future, integrated analyses of these models will be needed to understand the complexities of this important disease process.